In our previous studies, we have isolated from the soft coral Nephthea chabrolii Audouin (Alcyonacea, Nephthedae) 25 new natural products, including eighteen meroditerpenoids, [1] [2] [3] three steroids, 4 two C 18 terpenoid-related carboxylic acids, 3 and two sesquiterpenoids. 3 During our continuing studies on the chemical constituents of N. chabrolii, six new steroids, chabrolosteroids D-I (1-6) (Chart 1), were isolated. We describe herein the isolation, structure elucidation, and biological activity of these new metabolites.
N. chabrolii was collected off the coast of Pingtung County, southern Taiwan, and extracted exhaustively with EtOH. After evaporation of the solvent, the residue of EtOH extract was triturated sequentially with n-hexane, and then with EtOAc. The EtOAc soluble part was subjected to Si gel column chromatography (CC) and eluted with solvent mixtures of increasing polarity. By the examination of the 1 H NMR spectra of the fractions eluted, two fractions containing steroids, as shown by the appearance of the signals of C-18 and C-19 methyl protons resonating at 0.74-1.23 ppm, were selected and further purified by normal phase HPLC to afford 1-6 (see Experimental section). All compounds were obtained as white powders.
Chabrolosteroid D (1) was found to have a molecular formula of C 28 H 42 O 4 on the basis of the HR-ESI-MS spectrum (m=z 443.3158 ½M þ H þ ) and NMR spectra (Tables 1 and 2 at C 199.5 (C), 171.0 (C), 124.0 (CH), 38.5 (C), 35.6 (CH 2 ), and 33.9 (CH 2 ), and the UV absorption at 242 nm, 1 was elucidated to contain an ,-unsaturated carbonyl structural unit in ring A. 5 The presence of a carboxy group was also determined from the IR spectra (1708 cm À1 ) and 13 C chemical shifts ( C 180.0). Careful analysis of the 1 H-1 H COSY and HMBC spectra (Fig. 1 ) allowed us to determine the position of the hydroxy and the carbroxy group to be at C-16 and C-20, respectively. Detailed analysis of the 1 H-1 H COSY and HMBC correlations (Fig. 1) further established the planar structure of 1. In the NOESY spectrum of 1 (Fig. 2) , the NOE correlations between H-16 and H 3 -18, H-20, and H-22 ( 1.94) as well as between H-8 and both H 3 -18 and H 3 -19 indicated that these protons adapt a -orientation. This was further supported comparing them to NOE correlations displayed between the protons at C-16, C-18, and C-20 of some known compounds. 6 On the basis of above findings and other detailed NOE correlations, the structure of 1 was fully established as a rarely found 21-carboxysteroid. [7] [8] [9] Chabrolosteroid E (2) was also obtained as a white powder. The HR-ESI-MS (m=z 427.3209, ½M þ H þ ) and NMR data of 2 indicated a molecular formula of C 28 H 42 O 3 . Its UV ( max 240 nm, log " 3.77), IR ( max 1674 cm À1 ), and 1 H and 13 C NMR data (Tables 1 and 2 ) are very similar to those of 1 except that the NMR signals of H-16 and C-16 were shifted significantly upfield (from H 4.14 to 1.90 and 1.32 ppm and from C 75.8 to 27.2 ppm, respectively) when compared to those of 1. This result showed the hydroxymethine at C-16 in 1 was replaced by a methylene in 2. These observations were further confirmed with the assistance of 2D NMR ( 1 H-1 H COSY and HMBC) experiments and by comparing of the NMR data to those of a known compound. 7 From these results, 2 was the 16-deoxy derivative of 1.
Chabrolosteroid F (3) was found to possess the same molecular formula, C 28 H 42 O 4 , as that of 1 based on the HR-ESI-MS (m=z 443.3163 ½M þ H þ ) and NMR data (Tables 1 and 2 ). The 1 H and 13 C NMR spectral data of 3 are similar to those of 2 and showed the presence of an additional hydroxy group as compared to 2. Confirmation for the position of the hydroxy group at C-17 came from HMBC correlations observed from H-14 ( H 1.74, m), H 2 -16 ( H 1.78, m), H 3 -18 ( H 0.85, s), and H-20 ( H 2.59, m) to C-17 ( C 84.1, C). The relative stereochemistry of compound 3 was established by comparing the NOESY correlations to those of 2. The NOE interactions observed between H 3 -18 and H-20 confirmed that there is an -hydroxy at C-17. Moreover, the -orientation of 17-OH was further confirmed by the lower field chemical shift of H-14 ( H 1.74, m) . On the basis of the above results, the structure of compound 3 was established.
Chabrolosteroid G (4) was found to be more polar than compounds 1-3 and was isolated as a white powder. It possessed the same molecular formula (C 28 H 42 O 4 ) as those of 1 and 3 as determined from HR-ESI-MS. The UV ( max 242 nm, log " 3.91), and IR ( max 1684 cm (C), the IR absorption at 1658 cm À1 , and UV maximum at 248 nm were assigned to a cross-conjugated dienone system by comparing to similar metabolites. 10 Furthermore, the proton sequence from H-1 to H-2 and the HMBC spectrum (Fig. 1 ) showed long range correlations from H-1 to C-3, C-5, C-10; H-2 to C-4; H-4 to C-10 and H 3 -19 to C-1, C-5, C-9, C-10, further supporting this structural unit in the A ring of 5. It was found that the remaining partial structures, including rings B, C, and D, and the side chain of 5, are identical to those of 3 by comparison of the related 1D ( 1 H and 13 C) and 2D NMR data, particularly the 1 H-1 H COSY and HMBC correlations. Therefore, the structure of steroid 5 was established as the 1,2-dehydro derivative of 3.
The related metabolite, chabrolosteroid I (6), had a molecular formula C 28 H 44 O 3 as indicated by the HR-ESI-MS (m=z 429.3365, ½M þ H þ ) and NMR data (Tables 1 and 2 ). The interpretation of the 1 H-1 H COSY and HMBC correlations (Fig. 1) were employed to determine the positions of the hydroxy, one double bond in the ring, and the carboxyl group to be at C-3, C-5/C-6, and C-20, respectively. Thus, the planar structure of 6 was established. The stereochemistry of 6 was further determined by analyzing the NOESY correlations (Fig. 2) . Moreover, a comparison of the NMR data between 6 and 2 confirmed that in both compounds, rings C and D as well as the side chain have the same structure. On the basis of above analysis, the structure of 6 was unambiguously established. Compounds 2 and 6 did not possess a hydroxy group at both D-ring and side chain, and the other steroids (1 and 3-5) were found to be the rarely discovered 21-carboxysteroids with hydroxy groups at C-16, C-17, or C-22, respectively.
The cytotoxicity of compounds 1-6 against the proliferation of a limited panel of cancer cell lines, including human hepatocellular carcinomas (Hep G2 and Hep 3B), human breast carcinomas (MCF-7 and MDA-MB-231), and a human lung carcinoma (A-549), was studied. The results showed that 1-5 are not cytotoxic toward the above cancer cells. Metabolite 6 exhibited a moderate to weak cytotoxicity toward Hep 3B (IC 50 15.6 mg mL À1 ) and A-549 (IC 50 17.8 mg mL À1 ) cancer cell lines.
